In this study, the kiln drying yield of 30 mm Rubberwood (Hevea brasiliensis) used for the furniture manufacturing industry in South East Asia was evaluated. The results showed that the average yield loss was 10%, and end-checks, splits and warping were the most common drying defects. It was found that sawn timber from older trees (> 21 years) were less prone to drying defects, and the use of stress relieving treatments significantly reduced the incidence of drying defects.
Introduction
Rubberwood (Hevea brasiliensis) has emerged as the most widely used wood raw material in the furniture manufacturing industry in South East Asia. Its environmental-friendly status, good working properties and low cost have been the main success factors of the material in the furniture industry (Ratnasingam et al. 2007 ). Nevertheless, Ratnasingam and Scholz (2008) reported that the processing yield of Rubberwood has is low and its drying quality is an important contributor. However, reports on the industrial drying quality is very limited (Ratnasingam 2004) , although studies have shown that the material is relatively easy to dry due to its relatively low density (average 540 kg/m 3 ) and its porous structure (Hong and Sim 1999) . Therefore, a study was un-J. Ratnasingam (u) Faculty of Forestry, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia e-mail: jegaratnasingam@yahoo.com R. Grohmann · F. Scholz Faculty of Wood Technology, Fachhochschule Rosenheim, Hochschulstrasse 1, 83024 Rosenheim, Germany dertaken to evaluate the drying quality of Rubberwood from an industrial perspective and provide a quality guideline for the Rubberwood furniture manufacturing industry.
Materials and methods
The study involved a survey of ten Rubberwood kiln drying facilities (with an average kiln capacity of 20 m 3 per month) in Malaysia. The direct field survey gathered information on age of the tree of a total of 20 m 3 of sawn timber to be kiln dried. The sawn timber of 30 mm in thickness (which is the most common thickness used in the furniture manufacturing industry) was marked accordingly, stacked with stickers, and dried in steam heated kilns in accordance to the standard industrial kiln drying schedule for Rubberwood (dry bulb temperatures: 40.5-65.5
• C, wet bulb temperatures: 38-44.5
• C). The air velocity in the kiln was maintained at a constant speed of 1.5 m/s reflecting the current industrial practice. A restraining weight (of about 40 kg/m 2 ) was placed on top of each stack of the kiln charge to ensure straightness of the sawn timber. The kiln charge was dried for up to 12 days until a final average moisture content of 8-10% was achieved. In five of the mills, the kiln charge was relieved of stresses by increasing both the dry-bulb and wet bulb temperatures to 80
• C for about 8 hours before the kiln charge was finally taken out. All the kiln dried wood samples were then physically examined for the extent and types of drying defects.
Results
The results showed that although Rubberwood is easy to dry, it is highly prone to end-checks, splitting and different (Table 1 ). Yield losses due to drying defects averaged 10% in kiln dried sawn timber with stress relieve treatment, which was significantly higher than the current industrial allowance of 4% (Ratnasingam 2004) . The high drying yield loss was most likely due to the presence of tension wood in the sawn timber, which averaged 20%, while occurring in lower proportion in wood from older trees ( Table 1 ). The anatomical difference of tension wood is well documented (Zobel and van Buijtenen 1989) , and its presence increases the longitudinal shrinkage and the stress build-up in wood, especially after drying. This leads to the high incidence of warping, distortions and splits encountered after the drying of Rubberwood (Hong and Sim 1999) . On this account, the yield in Rubberwood kiln drying can be significantly improved, if the sawn timber is obtained from older trees of at least 21 years or more. Further, stress relieving treatment is highly recommended for Rubberwood in order to minimize the drying yield loss.
